Objective To determine which factors affect the rehabilitation duration in patients with congenital muscular torticollis (CMT) and to predict the duration of rehabilitation and prognosis. Methods One hundred and eighteen patients (79 males and 39 females) who were diagnosed with CMT and received physical therapy were enrolled in this study. We retrospectively reviewed the information in terms of sex, gestational age, birth weight, methods of delivery, fetal presentation, age at diagnosis, the affected sternocleidomastoid (SCM) muscle site, SCM muscle thickness, ratio of muscle thickness on the affected side to that on the unaffected side (called the 'abnormal/normal [A/N] ratio'), and range of motion for cervical rotation and side bending. Results The SCM muscle thickness and A/N ratio had a positive linear relationship with the rehabilitation duration. Patients who were in the breech position needed longer rehabilitation. The birth weight and age at diagnosis were negatively correlated with the rehabilitation duration. However, the cervical range of motion, mass site, sex, gestational age, and methods of delivery were not correlated with the rehabilitation duration. Conclusion Patients with a thicker SCM, lower birth weight, and history of breech delivery had a longer rehabilitation duration.
INTRODUCTION
Congenital muscular torticollis (CMT) is caused by shortening or contracture of the sternocleidomastoid www.e-arm.org and positional torticollis demonstrates an abnormal posture without a palpable mass or stiff SCM muscle. SCM tumor of infancy appears within 2-4 weeks after birth and gradually disappears by 4 to 8 months. It is located in the middle of the SCM or the lower third of the sternalis and has a fusiform shape. A relatively well-demarcated, non-cystic intramuscular mass with homogeneous echogenicity is noted on ultrasonography [6] .
Conservative therapy is considered as the first line treatment and it includes stretching the shortened SCM, rotating the head toward the shortened SCM, and tilting it in the opposite direction while the shoulders are fixed. It is important to start the treatment as early as possible. Non-surgical treatments provide good outcomes in most cases; however, surgical intervention can be performed in patients with continuous loss of range of motion, those who show failure of conservative treatment, or those with progressive maxillofacial asymmetry. The severity of torticollis and delay in starting the treatment can negatively affect the surgical outcome [7, 8] .
It is not surprising that many studies show that early treatment provides a positive outcome during the course of CMT; however, the exact prognostic factors remain unclear. Therefore, this study investigated the factors that affect the prognosis of CMT patients.
MATERIALS AND METHODS
This study was approved by the Institutional Review Board of the Kwangju Christian Hospital and did not require consent of the patients or their parents because it was a retrospective study that used data from the medical records. Out of the 149 infants who visited the hospital for abnormal neck posture from December 2008 to December 2012, 31 infants who had other neurodevelopmental disorders that could have caused the abnormal neck posture, who had ocular torticollis, who did not undergo an ultrasound examination, and who were unable to receive a follow-up after the diagnosis at the hospital were excluded, and finally, 118 infants with CMT (79 males and 39 females) were enrolled in this study.
Detailed medical history taking, physical examinations, and radiography were performed in the subjects. Information on the risk factors associated with the medical history was also collected, and other accompanying symptoms, such as plagiocephaly and facial asymmetry, and developmental hip dysplasia were observed. Plagiocephaly means an asymmetrical head shape with more than 5 mm diagonal difference, the difference between two diagonal cranial diameters, 30
o from the midsagittal plane of the skull [9] . Facial asymmetry means that the patients have a smaller chin, flatter zygomatic arch, and/ or flatter forehead on the affected side compared to the unaffected side on inspection. Developmental hip dysplasia was diagnosed by hip ultrasound, as the patient was placed in the lateral decubitus position, the a angle corresponding to the inclination of the bony acetabulum and the b angle corresponding to the inclination of the cartilaginous acetabulum on a coronal view of the hip joint were measured, and then less than 60 o of the a angle and more than 45 o of the b angle [10] .
The location of the lesion and mass in the SCM was confirmed via physical examination, and an experienced physiatrist examined the range of motion of the neck for determining any limitation in movement. The ultrasound machine used in this study was the 9 MHz linear trans- www.e-arm.org ducer (LOGIQ 9, Milwaukee, WI, USA) designed by GE Healthcare, and an experienced radiologist confirmed the difference between the thickness and shape of bilateral SCM muscles. The subjects were asked to lie on their back (supine position) for the test. The neck was extended slightly, and they were asked to look in the opposite direction. The thickness of the thickest SCM muscle fiber was measured. The thickness of SCM on the affected side was compared with that on the unaffected side (Fig. 1) . For physiotherapy, the neck was bent in the direction opposite to that of the affected side and rotation exercise was performed on the affected side, twice a week for 30 minutes each. The parents of the subjects were educated to help their children perform continuous passive joint exercise and active exercise. When the difference in the ranges of motion on both sides was less than 5 o , the treatment was considered to be successful and physiotherapy was discontinued.
Statistical analysis was performed using the SPSS ver. 18.0 for Windows (SPSS Inc., Chicago, IL, USA) software program. The Student t-test was used to analyze the following factors: sex, location of lesion, methods of delivery, and accompanying defects; and a Pearson correlation test was used to analyze the following factors: age, birth weight, difference in the thickness of SCM on the affected side and that on the unaffected side, ratio of the muscle thickness on the affected side to that on the unaffected side, and range of motion of passive cervical movement. The results were considered statistically significant when the p-value was less than 0.05.
RESULTS
There were more number of males than females among the 118 subjects who were diagnosed with CMT and the sex ratio was found to be 79:39 (66.9% vs. 33.1%). The torticollis affected side was the right side in 57 subjects (48.3%) and the left side in 61 subjects (51.7%), which was not significantly different. Also, 88 subjects (74.6%) were delivered vaginally, and 30 subjects (25.4%) were delivered via cesarean section. In terms of the fetal presentation, 98 subjects (83.0%) were in a cephalic position, and 20 subjects (17.0%) were in a breech position.
The mean age at diagnosis was 68.80±61.37 days, the mean gestational age was 39.19±1.40 weeks, and the mean birth weight was 3.22±0.39 kg. . The mean thickness of the SCM, as confirmed by an ultrasound examination, was 1.00±0.30 cm on the affected side, and the ratio of muscle thickness on the affected side to that on the unaffected side (i.e., the A/N ratio) was 2.02±0.84 (Table 1) .
There was no statistically significant difference in the rehabilitation duration based on sex or the torticollis affected side. The mean rehabilitation duration of 138.15±98.04 days in patients who were born via normal spontaneous vaginal delivery (NSVD) was shorter than that of 162.00±123.01 days in patients who were born via www.e-arm.org cesarean section, but the difference was not significant. The mean rehabilitation duration in patients with a cephalic fetal presentation was 136.13±101.49 days, which was shorter than that of 190.47±114.05 days in patients with a breech fetal presentation (p<0.05) ( Table 2) .
Fourteen subjects experienced a difficult birth or early membrane rupture; 5 subjects, oligohydramnios; 1 subject, clavicle fracture; and 10 subjects (8.5%), developmental dysplasia of the hip, 49 subjects (41.5%) had plagiocephaly, and 48 (40.6%) had facial asymmetry, but these factors did not show a significant correlation with the rehabilitation duration ( Table 2) .
The subjects whose condition was detected early and who had a lower birth weight had a longer rehabilitation duration (p<0.05) ( Table 3 ). There was no statistically significant correlation between the gestational age and the rehabilitation duration.
Cervical rotation or side-bending was also not significantly correlated with the rehabilitation duration. But, the subjects with a thicker SCM and a higher A/N ratio had a longer rehabilitation duration (p<0.05) ( Table 3) .
DISCUSSION
The mass in the SCM appears at 1-2 weeks after birth and grows in the first 2-4 weeks, but it shrinks and finally disappears in the next 3-6 months. Surgical treatment is required for a mass non-responsive to 4-6 months of conservative treatment or is diagnosed after 1 year of birth [11] . Binder et al. [1] reported incidences of 45.9% for continuous maxillofacial asymmetry, 24.7% for intermittent head torticollis, 5.8% for scoliosis, and 11.6% for functional asymmetry in patients after the treatment. Canale et al. [12] reported that there was no functional abnormality based on the cervical range of motion, and that the aesthetic problem such as facial asymmetry or head torticollis persisted in 31% of the patients. Hence, it was considered important to investigate the factors that affect the prognosis of CMT in order to minimize complications and prevent the need for invasive treatment.
The direct cause of CMT is shortening of the muscle due to fibrosis of the SCM, but the cause of muscle fibrosis is unknown [11] . The most commonly suggested mechanisms of such muscle fibrosis are fetal presentation in the uterus and trauma during delivery. Sanerkin and Edwards [13] supported the trauma theory by explaining in their article that bleeding and laceration in the SCM due to trauma during delivery leads to fibrosis. 
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However, torticollis also develops in infants who are delivered without a history of traumatic contraction or via cesarean section, which contradicts the birth trauma theory. Moreover, there are no evidences of hematoma or products of bleeding in histological findings of fibrous tissue [14] . The tilted cervical position of the fetus in the uterus may cause shortening of the SCM. The incidence of torticollis in healthy newborns is only 1.5%-7%, whereas the incidence of torticollis following a difficult delivery or a breech delivery is 17%-40% [15] , and these findings are partly consistent with the present study result which confirmed a longer rehabilitation duration in subjects who were delivered in a breech position. This result was attributed to the severity of the symptoms based on the thickness of the SCM and the A/N ratio, which were 0.98±0.31 cm and 1.97±0.86, respectively, in the healthy subjects compared to 1.10±0.20 cm and 2.25±0.74, respectively, in the subjects delivered in a breech position. Other congenital musculoskeletal abnormalities, such as congenital talipes equinovarus and hip dysplasia, support the aforementioned theory of fetal presentation in the uterus. In this study, 25.4% of the subjects had a gestational history of oligohydramnios, a difficult delivery, gestational diabetes, or clavicle fracture. This study confirmed that the subjects with a lower birth weight had a significantly longer rehabilitation duration. The theoretical evidence or the previous study result that supports this finding was not confirmed, but underweight subjects seemed to have a longer rehabilitation duration because of their underdeveloped muscles as a result of an immature musculoskeletal system. Kim and Kim [11] suggested that CMT occurs more often on the right side because the right venous pressure is higher than the left venous pressure. Coventry and Harris [3] reported that the posture of the fetus in the uterus may cause torticollis and the incidence of torticollis is two-fold higher on the right side when the baby is in a breech position. Chang et al. [16] also reported that the incidence of torticollis is higher on the right side. In the present study, however, the torticollis affected side did not show a significant difference among the subjects (right 48.3% and left 51.7%). Kim et al. [17] reported that the incidence of torticollis was significantly higher in boys than in girls, which was consistent with the result of this study which indicated an almost two times higher incidence in boys (79 boys and 39 girls). However, sex and torticollis affected side did not show a significant correlation with the rehabilitation duration.
Many previous studies reported a significant correlation between the age at diagnosis and the rehabilitation duration. Kim et al. [17] reported that the starting point for the treatment did not have a significant correlation with the treatment outcome, and Lee et al. [18] reported that older age at the start of the treatment was associated with a poorer treatment outcome, which was based on their study results which showed successful treatment outcomes in 90.9% of 88 cases treated within six months, 78.6% of cases treated within six months to one year, and 50% of cases treated after one year. Binder et al. [1] reported that 69.3% of the subjects treated up to 12 months recovered completely, whereas 12 out of the 20 subjects whose treatment started after they turned one year old showed response to conservative treatment but eight subjects underwent surgical treatment. However, Emery [15] reported that the starting point of the treatment in subjects younger than two years of age did not affect the rehabilitation duration, and the results of their study were interpreted to indicate that the subjects who had severe clinical symptoms such as a severely limited cervical range of motion or a mass in the SCM visited the hospital earlier than those who did not have severe clinical symptoms. In this study, the rehabilitation duration was longer when the diagnosis was made earlier. The severity of the disease seemingly affected the age upon hospital admission. The age upon hospital admission was classified into 'within 30 days after birth,' 'between 31 and 60 days after birth,' and '61 or more days after birth,' and the thicknesses of the SCM and the A/N ratios in the groups were compared. The mean thickness of the SCM and the A/N ratio in the subjects who were admitted to the hospital within 30 days after their birth were 1.14±0.19 cm and 2.47±0.71, respectively; the mean thickness of the SCM and the A/N ratio in the subjects admitted to the hospital between 31 and 60 days after their birth were 1.17±0.23 cm and 2.34±0.79, respectively; and the mean thickness of the SCM and the A/N ratio in the subjects admitted to the hospital at 61 or more days after their birth were 0.75±0.25 cm and 0.34±0.50, respectively. These results were interpreted to indicate that the subjects with severe clinical symptoms were admitted to the hospital earlier than those without severe clinical symptoms (p< 0.01).
The cervical range of motion in CMT is measured based
www.e-arm.org on rotation and side bending for making the clinical diagnosis. Lee et al. [6] and Cheng et al. [7] considered that the measurement of cervical rotation was more reliable than that of side bending in terms of the inter-examiner reliability, and they used the cervical rotation angle to predict the rehabilitation duration. In their studies, subjects with a more limited cervical rotation angle had a longer rehabilitation duration than those who had a normal cervical rotation angle. Emery [15] reported a strong correlation between the cervical rotation angle and the side bending angle, but only the cervical rotation angle showed a significant correlation with the rehabilitation duration. In this study, the subjects were divided into three groups based on their cervical rotation and side bending angles, and the matching rate between the side bending angle and the cervical rotation angle was only 52.73%; hence, it was considered difficult to indicate that the cervical rotation angle represents the range of motion. Therefore, both the cervical rotation and side bending angles were measured to investigate their correlation with the rehabilitation duration. The results showed no significant correlation between both the cervical rotation and side bending angles and the rehabilitation duration. Lee et al. [6] reported that both the thickness of the SCM and the A/N ratio did not show a significant correlation with the rehabilitation duration, when 54 CMT subjects were classified into three groups based on the thickness of the SCM and the A/N ratio for investigating their correlation with the rehabilitation duration in each group. Han et al. [19] reported a significant difference between the thickness of the SCM on the affected side and that on the unaffected side in 46 CMT patients and 6 patients who required surgery or botulinum toxin A injection. Kim et al. [17] investigated the correlation of SCM ultrasound results with the treatment outcome in 52 CMT patients when they were classified into 5 groups depending on the severity of their disease according to the echogenicity and presence of a mass based on the ultrasound results and their reported significant correlations. Han et al. [20] reported that the thickness of the SCM did not affect the rehabilitation duration because the thickness itself was inconsistent according to the age of the patients or their muscle development, but the ratio of the bilateral SCM muscle thickness affected the rehabilitation duration. In this study, both the thickness of the SCM and the A/N ratio showed a significant correlation with the rehabilitation duration. As such, patients with a thicker SCM and a higher A/N ratio are deemed to require intensive treatment and a longer rehabilitation duration than average torticollis patients. Also, the treatment compliance can be increased by providing more accurate information regarding the rehabilitation duration to the parents.
The limitations of this study include treatment at home, because exercise was only performed through parent training, which might have caused a difference in treatment outcomes. In further studies, the treatment environment should be controlled for obtaining accurate study results. Also, the severity of the disease depending on the echogenicity and presence of a mass in the ultrasound findings was not investigated in this study, but it can be assessed in future studies. CMT requires early detection and treatment to prevent sequelae of the limited cervical range of motion and secondary musculoskeletal deformities, such as craniofacial asymmetry, scoliosis, and malocclusion.
This study confirmed the factors that affect the treatment outcome in patients with CMT and their correlation with the rehabilitation duration. The results showed that patients with a thicker SCM, a lower birth weight, and a history of breech delivery had a longer rehabilitation duration.
On the other hand, sex, torticollis affected side, methods of delivery, developmental dysplasia of the hip, facial asymmetry, plagiocephaly, gestational age, and cervical range of motion did not show a significant correlation with the rehabilitation duration.
In conclusion, the thickness of the SCM, A/N ratio, birth weight, and a history of breech delivery were considered to be the factors that significantly affect the rehabilitation duration for CMT.
